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Comprender la estructura social del lobo marino de Galápagos (Zalophus wollebaeki) 
permite evaluar la complejidad de la dinámica de colonias de estos mamíferos 
gregarios y apoyar a medidas de conservación eficaces. Esta investigación pretendió 
determinar la presencia promedio de lobos marinos de Galápagos que viven en 
colonias urbanas de Puerto Baquerízo Moreno en diferentes colonias reproductivas 
en la Isla San Cristóbal. Las unidades experimentales fueron edad y sexo del lobo 
marino de Galápagos (macho, hembra, adulto no identificado, juvenil, cachorro).La 
recolección de datos se llevó a cabo en cuatro playas (Carola, Playa Mann, Playa de 
los Marinos, La Lobería) durante temporada fría 2011 y caliente 2012, en cuatro 
diferentes horas del día (06h00-7h00, 11h00-12h00, 15h00-16h00, 20h00-21h00). 
Durante temporada fría, Carola de noche fue el sitio más frecuentado por adultos no 
identificados y juveniles, así como Playa de los Marinos en la noche, frecuentada por 
juveniles, adultos no identificados y hembras. Durante temporada caliente, Playa de 
los Marinos fue el único sitio de reproducción más frecuentado por hembras, adultos 
no identificados y machos. Los resultados obtenidos arrojaron una alta dinámica en 































Understanding the social structure of the Galapagos sea lion (Zalophus wollebaeki) 
helps to assess the complexity of colony dynamics of these gregarious mammals and 
support effective conservation measurements. This research aimed to shed light onto 
colony attendance of Galapagos sea lions living in urban colonies on Puerto 
Baquerizo Moreno by determining the mean presence of Galapagos sea lions at 
different reproductive colonies on San Cristobal Island. The experimental unit were 
age and sex of the Galapagos sea lion (male, female, non identified adult, juvenile, 
pup).  The data collection was carried out on four beaches (Carola, Playa Mann, 
Playa de los Marinos and La Loberia), during the 2011 cold season and the 2012 
warm season, at four different times of day (6h00-7h00, 11h00-12h00, 15h00-16h00 
and 20h00-21h00). During the cold season, Carola at night was the most frequented 
site by non identified adults and juveniles, as well as Playa de los Marinos at night, 
frequented by juveniles, non identified adults and females. During the warm season, 
Playa de los Marinos at night was the only reproductive site more frequented by 
females, no identified adults and males. Outcomes revealed the four studied colonies 
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     During the last years, one of the factors most responsible for reducing worldwide 
pinniped populations is the decrease of fish due to overfishing (Drago, 2010; Costa et 
al. 2006). Among the pinnipeds, the otariid family is the most vulnerable to human 
impact since they have a high interaction with the terrestrial ecosystem due to their 
long nursing periods: this augments their exposure to humans. Additionally, the fact 
that female otariids have the need to feed around their colonies during nursing makes 
them more vulnerable to these changes in food availability (Drago, 2010; Páez-
Rosas, 2008). In the case of the Galapagos sea lion, commercial fisheries would 
immediately threaten their resources (Dellinger & Trillmich, 1999). 
 
     The most important facts affecting the Galapagos sea lion population (Zalophus 
wollebaeki), are El Nino events (ENSO): considering the 1982-1983, 1997 -1998 and 
2002 events as the last more severe (Alava et al. 2011). These events represent a 
threat to the Galapagos sea lion populations, since they produce a drastic change in 
the dynamics of the ecosystem and cause extreme food stress (Páez-Rosas, 2011). 
These events present conditions which are highly variable by causing shortages and 
therefore demonstrating how precarious the life of this specie is (Riedmann, 1990). In 
1982, sea lion pups died in a 100% and territorial males died in an 80%, thus 
impacting the chances of reproduction (Trillmich y Ono, 1991). In fact, the Galapagos 
sea lion population is estimated to be half of what it was thirty years ago with a 





This alarming fact has prompted UICN to consider the Galapagos sea lion as species 
in danger of extinction (Aurioles-Gamboa y Trillmich, 2008).  
 
     Other problems related to the conservation of the Galapagos sea lion are the 
accidents caused by anthropogenic activities. In the colonies of sea lions inhabiting 
Wreck Bay at Puerto Baquerizo Moreno, on San Cristobal Island, from 2006 until the 
present, there has been an increase in sea lion health problems, deaths, 
entanglements, due to various human impacts (Denkinger et al 2010, 2011, 2012). 
The number of individuals with anomalies -such as injuries, death and diseases- has 
risen significantly each year. The main causes of injuries and illness are boat 
engines, different types of fishing nets, hook gear, dog bites, shark attacks (Figure 
30) and parasites (Denkinger et al 2010, 2011, 2012). Dogs not only disturb sea lion 
resting sites Introduced species like rats, dogs and cats also threaten the Galapagos 
sea lion. Besides causing direct aggressions and disturbances in their resting sites, 
but also attack and kill pups (Figure 31). Furthermore, introduced species are vectors 
transmitting pathogen agents (Aurioles- Gamboa y Trillmich, 2008; Salazar, 2002).  
 
     Understanding the social structure of the Galapagos sea lion, helps to assess the 
complexity of the colony dynamics of these gregarious mammals and support 
effective conservation measurements. This research aims to shed light onto colony 
attendance of Galapagos sea lions living in urban colonies on San Cristobal in order 






1.2 Objective of the Study 
     Determine the mean presence of the Galapagos sea lion (Zalophus wollebaeki) at 
urban colonies of Puerto Baquerizo Moreno on San Cristobal Island, during two 
different seasons and four different times of day. 
 
1.3 Hypothesis of the Study 
     Considering the importance of obtaining the mean presence of Galapagos sea 
lions in order to comprehend the social structure and evaluate the colony dynamic of 
these gregarious mammals in urban colonies, the hypothesis stated for this research 
was that site, season and time of day are factors influencing the mean presence of 
the Galapagos sea lion (Zalophus wollebaeki) in four reproductive colonies on San 
Cristobal Island, during two different seasons and four different times of day. 
 
1.4 Research questions  
     The following questions sought to estimate why and how the Galapagos sea lions 
(Zalophus wollebaeki) mean presence varied depending on the three factors (season, 
site and time of day) at the four reproductive colonies studied on San Cristobal Island. 
 
 Is site a variable in determining the social structure of the Galapagos sea lion 






 Is season a variable in determining the social structure of the Galapagos sea 
lion (Zalophus wollebaeki)? How is ocean productivity playing a role in 
Galapagos sea lion reproductive colonies? 
 Is time of day a variable in determining the social structure of the Galapagos 
sea lion (Zalophus wollebaeki)? How is habitat use linked to the Galapagos 
sea lions reproductive colonies? 
 
2. Theoretical Framework 
2.1 Research Context 
    In order to comprehend the social structure and to evaluate the colony dynamics of 
Galapagos sea lions in urban colonies this research was focused on the fact that 
Puerto Baquerizo Moreno on San Cristobal Island, sea lions constantly interact with 
humans: particularly along the boardwalk or El Malecon (Figure 23) and in Playa de 
los Marinos. These colonies on San Cristobal are some of the largest sea lion 
colonies in the archipelago after the strong El Niño event in 1997-1998 (Denkinger et 
al. 2010). These constant interactions with humans (Figure 24 and Figure 32) have to 
do with the fact that San Cristobal is an inhabited island. As tourism increases, the 
Galapagos sea lion reproductive colonies on San Cristobal are more and more 
exposed to humans (Epler, 2007) as opposed to colonies on uninhabited islands 
where tourism has less of an impact (Figure 22). These uninhabited islands have 





(Figure 20), which is touristic site regulated by the Galapagos National Park 
(galapagosnationalpark.org).  
 
     The expectations for this research were a long term and integral study. This 
research seeks to relay the urgent need to study the state of the endemic and 
vulnerable species in urban colonies on San Cristobal and the rest of the inhabited 
islands of Galapagos. This is the first research to study the mean presence of 
Galapagos sea lions observed on Puerto Baquerizo Moreno at different times of day 
and during both seasons. It is unique in that it is not very often that Galapagos locals 
develop research on inhabited islands. This is a shame since they offer a 
tremendously important perspective. ¨It is surprising that a great percentage of 
research developed in the Galapagos has been disciplinary in a single and basic 
perspective. There are just a few the researchers focused on the linkage of nature, 
society and economics of the archipelago¨ (Tapia et al. 2009). ¨It is alarming how 
there is still a scarcity of information concerning ecological and socio-cultural 
processes, the ouctomes of which would be essential for decision management and 
for developing policies leading Galapagos to a more applicable plan for sustainability 
(Tapia et al. 2009). 
     The purpose of this research was to determine at four different beaches on San 
Cristobal Island, during two different seasons, why and how the Galapagos sea lions 
use their habitat at different times of day, and to find if these three factors (season, 
site, time of day) are influential for their social structure. For this research a colony 





females, pups and juveniles (Eibl-Eibesfeldt, 1984). In Puerto Baquerizo Moreno on 
San Cristobal Island there is more than a single colony on every beach. This research 
assumed that the three factors (season, site, time of day) influencing the mean 
presence of Galapagos sea lions on the four reproductive colonies studied on San 
Cristobal Island were going to vary depending on the following facts: 1) Topographic 
traits influence demographic traits, 2) Ocean productivity plays a determinant role in 
social structure of (Zalophus wollebaeki) and 3) Habitat use is linked to the 
Galapagos sea lion social structure. 
 
2.2 Galapagos sea lion (Zalophus wollebaeki): distribution 
     The genus Zalophus occurs as three isolated species: (Z. japonicus), on the 
coasts of Japan and Korea, (Z. californianus), on the Pacific coast of North America 
and (Z. wollebaeki), in the Galápagos Islands (Trillmich, 1979). The Galapagos sea 
lion (Z. wollebaeki) is found on all the major islands throughout the Archipelago and 
as well ason many smaller islands. In contrast to most pinnipeds of temperate zones 
which aggregate on land mainly during short highly synchronized reproductive 
periods, the Galapagos sea lions are tropic otariids non-migratory and maintain large 
colonies throughout the year (Trillmich, 1979).   
 
 
2.3 Site as a variable: topographic traits influencing reproductive colonies of  





     The Galapagos sea lion (Zalophus wollebaeki) is a tropic otariid which occupies 
terrestrial habitats all year around (Wolf et al. 2005). As a coastal mammal, it is 
frequently hauling out on shore and is rarely found more than 16 km out to sea 
(Nowak, 1999). In the Galápagos, this otariid is basically diurnal, with peaks of activity 
in the morning and late afternoon (Eibl-Eibesfeldt, 1984). They walk slowly, move at a 
rapid gallop or stride over smooth surfaces using their front flippers for climbing 
(Figure 21). Galapagos sea lions are definitely the most agile pinnipeds on land 
(Riedmann, 1990), but since they are adapted to the marine environment as well, 
they have a thick layer of blubber and dense fur, which prevent heath loss in water. 
However, these adaptations can cause overheating in warmer climates. Shade is 
therefore necessary for thermoregulation, especially for the young ones.  
      In many sexually dimorphic species, adult sexes tend to segregate socially, 
spatially, or in habitat use. Studies have being carried out on this Galapagos sea lion 
(Zalophus wollebaeki) regarding to habitat use and sexual segregation, showing 
thermoregulation and costs of locomotion as the most frequent factors determining 
habitat use. Concerning the relationship between thermoregulation and terrestrial 
habitat use, results obtained by Wolf et al. 2005 proved that proximity to the sea, 
evaporative cooling, availability of tide pools and avoiding the sun were the most 
important habitat uses for males. Indeed, hyperthermia should be a more acute 
danger for big males than for any other individuals. This is the reason why Galápagos 
sea lions choose areas directly adjacent to the sea where there is easy access to 
relatively calm waters; flat beaches or simple flat surfaces, either sandy or rocky; 





the day (Wolf et al. 2005; Riedman, 1990; Eibl-Eibesfeldt, 1984). In these areas, 
sexes and age classes differ in their usage patterns (Wolf et al. 2005).  
     
2.4 Season as a variable: oceanographic productivity influencing reproductive     
      colonies of the Galapagos sea lion      
     The Galapagos Islands are extremely arid compared to most tropical archipelagos, 
and they experience two distinct seasons each year: warm and cold. The warm 
season (typically January to May) presents high sea-air temperatures and clear skies. 
Littoral and arid lowland regions experience a peak in plant growth during this period. 
In contrast, the cold season (from June to December) presents lower sea-air 
temperatures and little precipitation in the lowlands. Sea lions depend strongly on the 
upwelling around the islands and on the cold Humboldt Current that bring nutrients to 
the Galápagos waters (Dellinger and Trillmich, 1999; Riedman, 1990). Their diet is 
based on small pelagic fish and cephalopods (Eibl-Eibesfeldt, 1984).  
     Sea lions on San Cristobal base 99% of their diet on fish, salemas (Selar 
crumenophthalmus) being their main prey. In the bay there is a high diversity on prey. 
According to Páez-Rosas, 2008, (Zalophus wollebaeki) is a ‘plastic specialist’, which 
means it is capable of adjusting its diet according to the most abundant type of prey 
available. On San Cristobal particularly, (Zalophus wollebaeki) showed a coastal 
(inshore) foraging strategy. As there is low trophic overlap among colonies sharing 
foraging areas, individuals from the colonies located on the bay of San Cristobal 





possible drastic changes in the environment. Feeding behavior of marine predators 
depends on the level of competition to which they are exposed. If populations are 
living in the same or overlapping geographic regions (sympatric), they are usually 
under  inter-specific competition, leading to the development of differing trophic 
strategies augmenting both nutritional and reproductive efficiency. Studying the 
distribution patterns of populations of (Zalophus wollebaeki) living in the central 
region, like San Cristobal, the foraging mean was 41.8 ± 20.3 km with divings of 91 ± 
35.2 m (Villegas-Amtmann et al. 2008) (Figure 25). 
     Since the four reproductive colonies (Carola, Playa Mann, Playa de los Marinos, 
La Loberia) studief for this research are close to each other, a high trophic overlap 
might be assume, thus turning San Cristobal Island into the perfect scenario to test 
the trophic overlapping hypothesis. This has to do with the fact that (Zalophus 
wollebaeki) possess the traits need to have this type of adaptation: a) (Zalophus 
wollebaeki) is a predator of high trophic level, b) it is the only pinniped in the zone 
since its closest relative (Arctocephalus galapagoensi) or the Galapagos fur seal lives 
on the opposite side of the archipelago, 3) the islands present a high diversity of prey 
but with low relative abundance, which is revealed in the mean size of the sea lion 
populations (+/-300 individuals) and defines the habitat as marginal for this species 
(Páez-Rosas, 2008). 
     Furthermore, Galapagos sea lion have the potential for long-distance dispersal 
and staying home reflects an animal’s ‘‘choice’’ rather than a constraint by locomotor 





feeding grounds and consequently some pinnipeds aggregate in large colonies 
reaching impressive numbers and densities (Riedmann, 1990). Its amphibious way of 
life leads them to forage in a range determined by swimming ability and breeding and 
resting habitat. The terrestrial habitat of Galapagos sea lion is compared to large 
marine home ranges but constitutes the centre of breeding activity and social 
interactions (Wolf and Trillmich, 2007). 
 
2.5 Time of day as a variable: habitat use influencing reproductive colonies of   
      the Galapagos sea lion  
     Colonially organized animals are considered challenging model organisms. 
Despite being extensively studied for decades, little is known about factors that affect 
their individual interaction and decisions which in turn shape processes governing the 
internal social structure and the relationships among members (Wolf et al. 2007). 
Social interaction patterns are nonrandom; at a population level, social structure 
might be influenced by sex and age class, whereas fine-scale site fidelity might 
explain social structure at the community level (Wolf et al. 2007). The long-term 
fidelity to a breeding site has been studied, but less is known about fine-scale site 
fidelity within a breeding colony and its relation to habitat quality (Wolf and Trillmich, 
2007). Investigating on-shore site fidelity in a highly social environment by addressing 
the influence of habitat quality on fine-scale spacing use may be of key importance to 
further our understanding of how dense animal accumulations may have evolved and 





habitat use has to do with the fact that sea lion colonies maintain strong social ties 
with genetically more similar interaction partners and might influence behavioral 
decisions, like cooperation and capacity to adjust degree of aggressiveness to habitat 
use depending on their sex and ages class.  
     As polygynous species, during reproductive periods, areas most strongly 
frequented by females are established by males as their territory. Non-successful 
males move into suboptimal habitats usually with no water access and less than 10 % 
of males manage to establish the territory (Wolf et al. 2005). Successful bulls obtain 
harems of up to 30 females (Eibl-Eibesfeldt, 1984), as well as pups and immature 
individuals of both sexes and varying ages (Orr, 1967). While females nurse their 
pups and immature individuals (Orr, 1967), bulls protect pups (Figure 27) by 
preventing sharks from accessing the deep waters and by chasing this sharks away 
from the pups (Barlow, 1974). Otariid males fast during territory tenure, for a territorial 
male the main cost might be the permanent presence in its territory and the costs 
associated with male-male conflict rather than the vocal display itself (Hansjoerg, 
2007).   
     In the Galapagos sea lion colonies, females nucleate the social network, since 
they show a higher degree of fine-scale site fidelity and they are less aggressive than 
males. Female Galapagos sea lions are more social at the level of the group, since 
they tend to associate in close-knit groups, whereas males are more dispersed (Wolf 
et al. 2005). Females with offspring occupy smaller areas than non-breeding females, 





al. 2003, females tend to return to the place where they last suckled their pup und 
usually defend this site. Nursing lasts at least until birth of the next pup (Trillmich, 
1981) (Figure 26). That is why up to 23 % of all pups are born while their mother is 
still nursing the older sibling. Newborns with older siblings are born lighter and suffer 
increased mortality due to direct aggression or competition with the older sibling 
(Trillmich and Wolf, 2008). Perinatal period is the time of intensive interaction 
between mother and pup (Figure 43). That is the time when they rub each other, 
greet each other with nosing, headshaking and bleating like a sheep -in the case of 
the pup- and the mother in deeper voice (Eibl-Eibesfeldt, 1984). Galapagos sea lion 
pups have two activity peaks: suckling and searching for a mother (Majetka, 2010) In 
order to identify the mother among the rest of females in the colony returning from the 
daily foraging trips, pups learn to recognize the mother’s calls approximately ten days 
after birth (Trillmich, 1981). Mother-pup communication uses vocal and olfactory 
cues, as long distance calls and sniffing. After approaching each other the mother 
sniffs the pup confirming that it is hers (Trillmich, 1981). Mothers nurse only their own 
pup (Trillmich, 1981). Therefore, no female would be nursing another females pup 
(Figure 27). 
     To summarize, in group-living animals social structure constitutes the framework 
within which foraging, defense, and reproduction take place (Wolf and Trillmich, 
2007). Studying fine-scale site fidelity of social structure is complicated by the fact 
that an individual’s particular spatial decisions are linked to habitat quality (Figure 28). 
According to Pomeroy et al. 2001 in Wolf et al. 2005, it has been shown that habitat 





different sex- and age-classes leading to segregation in habitat use. Fine-scale 
spatial range can induce behavioral population structure (Wolf and Trillmich, 2007). 
By setting the context for repeated interactions and if persistent across generations, 
these behavioral population structures, based on spatial decisions leading to 
segregation in habitat use, confer fitness benefits and therefore, might create a stable 
social environment, which has the potential to restrain competition and aggression 
(Wolf et al. 2005). In other word, fine-scale site fidelity may be of key importance to 
how dense animal accumulations may have evolved and are stably maintained (Wolf 
et al. 2005). Wolf et al. 2008 analyzed the intricate relationships between social 
behavior, dispersal strategies and genetic structure through network approaches, 
demonstrating that indeed, low levels of relatedness and even small differences in 
relatedness can be relevant for natural selection. 
 
3. Methodology 
3.1 Study Area 
3.1.1 Galapagos Islands: geography and geology 
 
     The Galapagos Islands are located 960Km away from Ecuador (Figure 1). The 
archipelago encompasses 15 principal islands and more than 100 islets and rocks 
representing almost 800.000km2, with a total of 97% protected as National Park and 
3% designated for use by locals on the four inhabited islands: Santa Cruz, San 
Cristóbal, Isabela and Floreana (or Santa María). The Galapagos Marine Reserve 





the largest in the world (worldwildlife.org). The islands were formed by underwater 
volcanic eruptions caused by the displacement of the tectonic Nazca plate, which is 
located over the hot-spot located northwest of Isabela and Fernandin, the youngest 
islands. According to its geological age, the Galapagos Islands are relatively young, 4 
million years old for the oldest and less than a million for the youngest. Both, short 
age and oceanic origins are key factors to explain the biological diversity present on 
the islands (CDF y WWF, 2002).  
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Figure 1: Galapagos Islands map: in Ecuador, South America 
                     
 
 
3.1.2 Galapagos Islands: oceanography, weather and diversity 
 
     The Galapagos Islands are influenced by three predominant oceanic currents 
displaying a remarkable seasonality (Figure 2). The North equatorial current brings 





waters through the Humboldt Current. The water temperature oscillates between 14 
to 23oC. One of the most important currents is the Equatorial Undercurrent or 
Cromwell Underwater Current, since it flows eastwards and transports mainly cold 
waters, rich in nutrients, creating locally intense upwelling zones and providing a vital 
service to Galapagos species (Palacios, 2002; Feldman, 1985). Despite being an 
archipelago located on the Equator, the upwelling in the Galapagos Islands produced 
by the Cromwell equatorial undercurrent is propitious to generate zones of high 
productivity in the ocean (Figure 3) which benefits two pinniped species: the 
Galapagos sea lion (Zalophus wollebaeki) (Silvertsen, 1953) and the Galapagos fur 
seal (Arctocephalus galapagoensis) (Heller, 1904). During the warm season, the 
North equatorial current predominates from December to May and the weather is 
rather typical; with high temperatures and strong rain falls due to the convective air 
currents, while during the cold season from June to November, the predominant 
current is the Peruvian current, presenting non typical cold temperatures for these 
ecosystems, together with short precipitations and slight rain or garua (Palacios, 
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Figure 2:  Oceanographic currents influencing Galapagos and Ecuador 
 
 
3.1.3 Sea lion urban colonies on San Cristobal Island 
 
 
               San Cristobal Island houses one of the largest reproductive colonies of 
Galapagos sea lions (Zallophus wollebaeki) in Galapagos; which is also the 
largest sea lion colony exposed to human presence (Denkinger et al. 2010). 
Studying breeding colonies, their status and their relation to habitat quality is of 
key importance to further comprehending how dense animal accumulations 
may have evolved, may be stably maintained (Wolf and Trillmich, 2007) or may 
be affected by natural and anthropogenic threats.This research was carried out 
in Puerto Baquerizo Moreno, on San Cristobal Island (Figure 3), the capital of 
the Galapagos Province and one of the four inhabited islands on the 
archipelago of the Galapagos. Three of the beaches, Playa de los Marinos, 





called Wreck Bay, in the Western side of San Cristobal Island. The fourth 
studied beach, La Loberia, is located to 3 nautical miles to the South-Western 
side of Puerto Baquerizo Moreno (Figure 4). 
  
3bp.blogspot.com                                                                            Google Earth 2012 
Figure 3: Map of San Cristobal Island and satellite map of Puerto Baquerizo Moreno                                                                                 
 
3.1.4 Sea lion colony at Carola 
     Carola is a relatively isolated recreational beach adjacent to Wreck Bay consisting 
of a long sandy beach surrounded by rocky areas (Montero, 2012). Sea lions were 
observed along the shore over the sand or over the rocks and on the summit of the 
sand dunes under the bushes used for shade. Sea lions observed in Carola included 
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Figure 4. Sea lion colony in Carola 
 
 
3.1.5 Sea lion colony at Playa Mann  
     Playa Mann is a popular recreational beach frequented by residents and visitors, 
mostly during weekends. It is a small sandy beach with rocky patches at both sides 
located a few minutes away from the central area of Puerto Baquerizo Moreno. Sea 
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Figure 5. Sea lion colony in Playa Mann 
 
 
3.1.6 Sea lion colony at Playa de Los Marinos 
     Playa de los Marinos is a long beach located in the town center of Puerto 
Baquerizo Moreno, where sea lions constantly interact with people. Is one of the 
largest colonies of the archipelago settled after the strong El Niño event in 1997-1998 
(Denkinger et al. 2010). This site encompasses two sandy beaches including a 
brackish lagoon on the back. The individuals considered on this site were observed 
the sand, on the rocky areas along the beach and over the central park called 
Plazoleta Municipal. This beach does not have bushes but repairing boats in the 
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                 Figure 6. Sea lion colony in Playa de los Marinos 
 
3.1.7 Sea lion colony at La Loberia 
    La Loberia is a located 3 nautical miles to the South-Western side of Puerto 
Baquerizo Moreno (Páez-Rosas, 2008) and is a recreational beach for tourists and 
residents. It is an intermediate size sandy beach with two long rocky patches aside. 
Thirty years ago it used to be the beach most crowded of sea lions. The observations 
on Loberia included the tiny sandy area at the right side located at the entrance of the 
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3.2 Data Collection 
 
     The experimental unit of this research was the age and sex of the Galapagos sea 
lion (Zalophus wollebaeki). Data collection was carried out during two different 
seasons: the cold season during August 2011 and the warm season from January-
February 2012. To determine the social structure of the Galapagos sea lion (Zalophus 
wollebaeki), the census or samplings of sea lions observations where developed at 
four different beaches or urban colonies of Puerto Baquerizo Moreno on San 
Cristobal Island at four different times of day. Therefore, three factors were 
considered: group, site and time of day. All of the factors varied according to either 
season. Group factors included sex and age of the individuals: male, female, non 
identified adult, juvenile, pup. Site factor encompassed four beaches or reproductive 
colonies: Carola, Playa Mann, Playa de los Marinos and La Loberia. Time of day 






3.2.1 Sea lion observations 
     The samplings were done by direct observation or by binoculars when needed, as 
the distance toward the individuals was usually two meters. Samplings were carried 
out during 20 days of census on each season at each of the four sites during the four 
different times of day. This means that the first day the census were carried out in 
Playa Mann, the second day in Playa de los Marinos, the third day in Carola and the 
fourth day in La Loberia in order to obtain the mean presence of the sea lions from 
the five samplings at four different times during each season. In other words, for both 
seasons four replications were carried out every day on every reproductive colony 
identifying every group (male, female, no identified adult, juvenile, pup). Each 
sampling or census lasted 25 minutes at the short beaches (Playa Mann, La Loberia) 
(Figure 9 and Figure 11) and one hour at the long ones (Carola, Playa de los 
Marinos) (Figure 8 and Figure 10); for instance, during the cold season, census on 
Carola was from 20h00-21h00. 
 
 






       Figure 8. Satellite map of Carola              Figure 9. Satellite map of Playa Mann 
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 Figure 10. Satellite map of Playa de los Marinos    Figure 11. Satellite map of La Loberia 
 
                                                                                                                              
    The outcome was that it was not possible to make an estimation of the total 
number of individuals belonging to every single group (male, female, no identified 
adult, juvenile, pup) in all the sites during both seasons and at different time of day 
since individuals were not marked nor tracked (distribution was not the topic of 
research) and, therefore, each individual may been counted multiple times. 
Nevertheless, an estimation of the mean presence and frequency was obtained since 
individuals were observed depending on the group, the site, the season and the time 
of day. 
 





     Individuals were identified into five age and sex categories: adult males, adult 
females, non identified adults, juveniles, and pups (Figure 12 to Figure 15) in 
accordance with Holcomb, 2009 and Riedman, 1990 (See chart below). Adult 
individuals were considered males when they had a developed front head and crest, 
robust neck, presence of testicles between hind flippers and visible penis. Males 
reached a length of 200-250cm and a weight of 200Kg. Adult individuals were 
considered females when they had tanned fur (Nowak, 1999), a more slender head 
than males, no crest nor testicles, were nursing and were not barking but grunting to 
communicate with pups or when they felt disturbed or threatened. Females reached a 
length of 150-200cm and weight 100kg. Adult individuals were considered non 
identified adults when it was not  possible to identify them as males nor females. This 
could be because they either layed on the sand among a lot of individuals or exposed 
only their back side making it difficult to differenciate them. Non identified adults 
reached a length of 150-200cm and a weight of 100Kg. Young individuals were 
considered juveniles when they had less fur than pups and in some cases were still 
nursing. Juveniles reached a length of 150-200cm and a weight of 25-40Kg. 
Individuals were considered pups when they were younger than two years old, had 
not undergone molting yet and had fluffier fur. Pups reached a length of 150-200cm 
and a weight of 5-6Kg. At 4-5 months of age pups undergo their first molt (Trillmich, 
1981) At birth they have a brownish-black lanugo coat, which fades to pale brown 
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  Figure 12. Male                                     Figure 13. Female  
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                      Figure 14. Juvenile                                     Figure 15. Pup 
 
      
 
 3.2.3 Sources of reference for the sea lion observations 
     Sources of references used for this research were prior census and observations 
developed on San Cristobal Island: (Montero, 2012, Fietz, 2012, Denkinger 2010, 
2011, 2012), where it more individuals were expected during warm season than 





3.2.4 Gear used for the sea lion observations 
   The gear used were a water proof binocular Minolta Activa 12x50W, an Energizer 
flash light, a Pelican Stealth Lite2400 submersible flash light, a note book and a pen. 
 
3.3 Statistic Analyses 
3.3.1 Frequency and percentage of observed individuals 
     To obtain the frequency and percentege of observed individuals per group, site, 
season and time of day, the Chi Square Paired Test was applied using SAS software. 
 
3.3.2 One Way ANOVA: Variability among factors 
     To confirm variability among the three factors (group, site and time of day) during 
each season (cold and warm), the coefficient variation was obtaining by applying One 
Way ANOVA Test using SAS software. The coefficient variation during cold season 
was 74.20938, while during warm season the variation coefficient was 115.0907. 
Since the obtained values were too high, mean required to be transformed, obtaining 
a variation coefficient = 35.26180 during cold season and 46.89317 during warm 
season.  
 
3.3.3 Tukey Range Test: Means significantly different 
     To find means that are significantly different from each other the Tukey Range 
Test or Tukey Kramer method was applied, in conjunction with ANOVA Test, using 





procedure based on a range distribution, which compares the means of every 
treatment to the means of every other treatment and identifies any difference between 
two means if it is greater than the expected standard error. Comparing the means of 
three factors (group, site, time of the day) for all the colonies during each season 
(cold and warm), variability was measured by the distance among ranges from A to E; 
where A represented the highest mean values and E range represented the least 
mean values. Variability among means were significant depending on how distributed 
the ranges were. 
 
3.3.4 Chi Square Test: Dependence or independence among variables 
     To determine the dependence or independence among the variables (group, 
season, site, time of day) the Chi Square (X2) statistic test used was applied to 
evaluate if there is or is not association among variables from the rows and variables 
from columns in a contingency table (Table 1 to Table 10). It was requiered to obtain 
the significance, which is the probability of error accepted: 0.05 to accept or reject the 
hypotheses, where H0: variables are not associated; they are independent among 
each other and H1: variables are dependent among each other. H0 is the one to test if 
there is no association among data from the columns and the rows in a contingency 











          This research considered three factors (season, site, time of day) to obtain the 
mean presence of the colony composition or group (male, female, no identified adult, 
juvenile, pup) of Zalophus wollebaeki on the four reproductive colonies or sites 
(Carola, Playa Mann, Playa de los Marinos, La Loberia) studied on San Cristobal 
Island during both seasons (cold and warm) at different times of day (6h00-7h00, 
11h00-12h00, 15h00-16h00, 20h00-21h00). The tested hypothesis was that mean 
presence of Zalophus wollebaeki observed depend on the site, the season and the 
time of day.  
 
4.1.1 Total mean of sea lions observed per season and site 
     The total mean of individuals observed per reproductive colony were: 164 
individuals in Carola, 124 individuals in Playa de los Marinos, 69 individuals in Playa 
Mann, 51 individuals in La Loberia during the cold season and 205 individuals in 
Playa de los Marinos, 45 individuals in La Loberia, 32 individuals in Carola, 19 







Figure 16. Total mean of sea lions observed per season and site 
 
 
4.1.2 Total mean of sea lions observed per group, site and season 
     The total mean of sea lions observed per group, site and season was: non 
identified adults (121.22 +/- 102.7835), juveniles (133.98 +/- 53.98981), females 
(80.43 +/- 53.14073), males (58.27 +/- 33.13458), pups (19.24 +/- 19.32425) during 
the cold season and females (87.25 +/- 74.46878), non identified adults (41.25 +/- 
58.73085), males (61.9 +/- 35.16109), juveniles (42.35+-26.41429), pups (68.5 +- 
22.08055) during the warm season. The largest groups observed were: non identified 
adults (56.5 +/- 39.96775) in Carola during the cold season and females (59.65 +/- 
41.55944) and males (52.3 +/- 26.10122) in Playa de los Marinos during the warm 






Figure 17. Total mean of sea lions observed per group, site and season  
 
4.1.3 Total mean of sea lions observed per group, season, site and time of day 
     The more detailed comparison was gathering the three factors by comparing the 
total mean of individuals observed per season, site and time of day. During the cold 
season, non identified adults (88.2 +/- 64.48411) in Carola and juveniles (83.2 +/- 
23.76342) in Playa de los Marinos presented the largest frequency and mean of 
individuals observed, both sites at 20h00-21h00 (Figure 18). During the warm 
season, females (108.4 +/- 50.94409), non identified adults (93.4 +/- 80.58102) and 
males (79.4 +/- 27.63693) in Playa de los Marinos presented the largest frequency 







Figure 18. Total mean of sea lions observed per group, site and time of day during 




Figure 19. Total mean of sea lions observed per group, site and time of day during 




 4.2 Obtained values from the Statistic Analyses 





    Comparing the means of every factor (group, site, time of day) to identify 
significantly differences among all the colonies together applying Tukey Range 
resulted in the following: values for Group in the cold season had high variability 
among treatments (juveniles, non identified adults, females, males and pups) (Table 
11). Instead, values for Site in the cold season were very close among each other 
especially between Playa Mann and La Loberia (Table 12). The same range of 
distribution of means was for Time of Day in the cold season between15h00-16h00 
and 11h00-12h00 (Table 13). Values for Group in the warm season were close for 
pups and females, while juveniles approached the value for males and non identified 
adults (Table 14). For Time of Day in the warm season, Loberia and Carola had 
similar values (Table 15).  Values for Time of Day in the warm season presented 
almost alike distribution of ranges between 15h00-16h00, 16h00-07h00 and 11h00-
12h00 (Table 16).   
 
4.2.2 Chi SquareTest 
     Considering the variables site (Carola, Playa Mann, Playa de los Marinos, La 
Loberia) and time of day (06h00-7h00, 11h00-12h00, 15h00-16h00, 20h00-21h00) for 
every group of sea lions (males, female, non identified adults, juveniles, pups) during 
each season (cold and warm), where H0: variables are not associated; they are 
independent among each other and H1: variables are dependent among each other, 
the obtained outcomes showed that most of the significance were less than 
0.05(Significance <.0001, which is a value clearly less than 0.05); therefore, rejecting 





(X2= 23.2003 and Significance= 0.0058, where 0.058 is practically over 0.05), where 
data suggests but does not conclude about the relation among variables, meaning H0 
was rejected and H1 was accepted. Similarly for males in the cold season 
(X2=16.1126 and Significance=0.0646, where 0.058 is practically over 0.05), rejecting 
H0 and accepting H1. The only exception in this conclusion was for pups in the warm 
season (X2= 9.3675 and Significance= 0.404, which is higher than 0.05), accepting 
H0: variables are independent among each other.  
 
5. Discussion 
5.1 Purpose of the Study 
     This research aimed to shed light on the social structure of the Galapagos sea 
lions living in urban colonies of Puerto Baquerizo Moreno on San Cristobal Island. To 
study the social structure of otariids based on fine-scale spatial range and habitat use 
depending on sex and age usage patterns helps: 1) to assess the social behavioral 
structure, the colony dynamics and the status of these gregarious mammals and 2) to 
support the encouragement of research initiatives and the improvement of 
conservation management alternatives on fragile and complex ecosystems; for 
instance on inhabited islands like the ones in the Galapagos. Therefore, the foremost 
aim of this study was to obtain the mean presence of the Galapagos sea lion 
(Zallophus wollebaeki) and the expectation would be to involve the local population 
into research and science both short and long term; to develop interest and 
commitment to know the Galapagos from a deeper point of view by learning and 





5.2 Analysis of the obtained data during the cold season: Oceanographic  
     productivity 
     During the cold season, from June to November, the predominant current is the 
Peruvian current. The Peruvian or Humboldt Current brings together the upwelling 
produced by the Cromwell equatorial undercurrent, which is propitious to generate 
zones of high productivity in the ocean (Palacios, 2002; Feldman, 1985). With 
productivity in the ocean, the breeding season occurs. On San Cristobal Island, 
breeding season occurs from July to November, with October to November being the 
peak of pupping season (Fietz, 2012). During this season, Carola at night was the 
most frequented site by non identified adults and juveniles, as well as Playa de los 
Marinos at night, frequented by juveniles, non identified adults and females. On the 
four urban colonies studied during the cold season, which is when breeding occurs, a 
decrease was observed in the mean presence of male adults. The frequency of 
individuals descended in the four fundamentally owing to the decrease of males by 60 
%; since they abandon the colony during breeding season due to the increase of 
aggressiveness from territorial males constantly patrolling during the day, blocking the 
access of other males to the beach, and attacking other males in case they approach 
their colony (Montero, 2012). Concerning the inter-annual population variation, the 
Galapagos sea lion (Zalophus wollebaeki) follows a different pattern compared to 
most pinnipeds; which show an annual peak of abundance during breeding season 





5.3 Analysis of the obtained data during the warm season: Social behavior 
     During the warm season, when is not breeding season anymore, the North 
equatorial current predominates from December to May with high temperatures and 
strong rain falls due to the convective air currents (Palacios, 2002; Feldman, 1985). 
During this season, Playa de los Marinos at night was the only reproductive site more 
frequented by females, non identified adults and males. As mentioned in Denkinger 
2010, 2011, 2012; the estimation of the annual peak attendance in the populations of 
Galapagos sea lions on San Cristobal Island occurred during the latest time of 
breeding season. Therefore, the agglomeration of females, non identified adults and 
males observed at night in Playa de los Marinos might be related to their high degree 
of social behavior; which leads them to spend most of their life in contact with other 
individuals (Wolf et al. 2007). Consequently, this fluctuation might be caused by the 
different behavior patterns between sex existing in pinnipeds; where females show 
greater philopatry or site fidelity along the entire year owing to their prolonged periods 
of lactation (Páez-Rosas 2010; Elorriaga-Verplancken, 2004) compared to males, 
whom increase their foraging journeys previous and during mating season to increase  
energetic reserves in order to increase their probability of winning when competing for 
territory (Páez-Rosas, 2008; Trillmich y Wolf, 2007; Riedman, 1990). 
5.4 Analysis of the obtained data determined by topographic traits: Habitat use  





     Physical characteristics might have been another explanation for the variability in 
the mean presence of sea lions between the four studied reproductive colonies. On 
flat sandy areas, as it is the case on Playa Mann, sea lions reduce the energy cost 
associated with locomotion on land by avoiding steep areas, as that is the case for 
Carola, Playa Mann and La Loberia. In addition, on flat sandy beaches during the 
night sea lions are less exposed to the cold wind and the increased density of 
individuals reduces heat loss (Bentjees, 2006). Playa de los Marinos, more so than 
the other sites hosts preferential conditions for sea lions. Studies on other species of 
pinnipeds that inhabit temperate and cold climates described the peak of abundance 
in resting areas as occurring at noon (Pauli y Terhune, 1987; Jemison et al. 2001). 
Instead, based on our observations on every site there was a decrease in the number 
of individuals at that time of day; a possible explanation might be that generally the 
distribution range of the species of pinnipeds is associated with high latitudes 
(Riedman, 1990; Costa et al, 2006) where temperatures are significantly lower than in 
the Galapagos. That is the reason why Galapagos sea lions prefer to spend much of 
the daylight hours in the sea, in the shade, in the rocky areas near the coast, or over 
artificial substrates like platforms which are used as adaptation for thermoregulation 
(Figure 33) (Montero, 2012).  
5.5 Analysis of the obtained data determined by human impact 
     Mean presence variation on sea lion colonies might be derived as well from 
human impact. During the cold season and the warm season, the high mean 





noise in the area during the day given the high level of interaction between the 
colonies and the urban sector of Puerto Baquerizo Moreno (Acevedo-Gutierrez, 2011; 
Guevara, 2011). On San Cristobal Island, sea lions living in such close vicinity to 
humans are very likely exposed to stress resulting from human-animal interactions. 
Therefore, their most important activities when ashore (resting and nursing) appear 
natural compared to other species (Henry and Hammill, 2001; Boren, 2001; Anderson 
and Harwood 1985). Sea lions indicate a high level of habituation to human presence; 
this human presence hardly influences their behavior. Since (Zalophus wollebaki) is 
accustomed to people, disturbances in general seem to have smaller impacts than on 
other species (Kucey 2005, Denkinger et al. in rev.). Indeed, when the reproductive 
season begins in August, tension in the colony increases and Galapagos sea lions on 
San Cristobal are so occupied with territorial conflicts, courting females, and mating 
behavior that they pay less attention to their surroundings and disturbers. This is 
probably because if they do react, their reactions represent high energy expenditure 
(Fietz, 2012). This might explain why in Playa Mann, a sea lion reproductive colony 
constantly frequented by humans, presents fewer individuals of sea lion compared to 
the rest of the recreational sites -Carola and La Loberia-, which are less frequented 
by humans. Consequently, it is important to build a sea lion mean presence baseline 
for conservation management to show that although (Zalophus wollebaki) is an 
animal with a high level of habituation, it is not immune to stressors caused by 
anthropogenic interactions (Fietz, 2012). 
 





     Potentially, this study might be used as an approximation of the mean presence of 
males, females, no identified adults, juveniles and pups attending the four most 
visited sea lion reproductive colonies on San Cristobal Island. The importance of this 
research is that this is a pioneering, meticulous work on San Cristobal from a student 
regarding sea lions, with data collected during both seasons (cold and warm) and 
during different time of day, setting the tone for continuing with the same methodology 
of the direct observations to obtain the mean presence of sea lions or any other 
species from Galapagos. Using the results and understanding the purpose of the 
thesis, will benefit: 1) the colonies of sea lions (Zallophus wollebaeki), which are 
unique species to the world currently considered under threat of extinction (Aurioles-
Gamboa y Trillmich, 2008) and 2.) the local students from High Schools and from 
research centers on San Cristobal to learn more about these gregarious mammals in 
order to promote awareness and mechanisms to protect the ecology of the specie 
(Zallophus wollebaeki) and its interaction with residents and visitors. 
 
5.7 A different perspective of Science 
     Galapagos is a complex socio-ecological system made of bonds between the 
ecosystems and human welfare. The socio-economic system of this archipelago is 
deeply linked to the marine ecosystems it depends on and interacts directly with in a 
dynamic way (Tapia et al. 2009). The opinions existing regarding to this field of study 
(sea lions research-conservation) might change given the fact that along the human 
history of the Galapagos science and research have been developed mostly by 





student of Marine Ecology and this is the beginning of the need for the locals to claim 
science and for locals to be used as a tool for decision management. Sometimes in 
Galapagos, there is no common perspective about what, how and what for to 
conserve Galapagos. Although the actors claim conservation and sustainable 
development as their main goals, each of them has their own particular perspective 
about what the archipelago is and what it means to the local population, to mainland 
Ecuador and to the rest of the world (Tapia et al 2009). Therefore, beyond the 
research, there is an important meaning with this work; relying on the possibility to 
rebuild the bridge between science and the population on the Galapagos, making the 
obtained information more accessible to the local community and seeking to join the 
gap existing ever since between both.  
 
6. Conclusions 
6.1 General Summary 
     Studying breeding colonies and their relation to habitat quality (Wolf and Trillmich, 
2007) is of key importance to further comprehend how dense animal accumulations 
may have evolved, may be stably maintained or may be affected by natural and 
anthropogenic threats. Outcomes were high mean values compared to the standard 
deviation values, meaning that there is a high dynamic of activity in the four studied 
urban colonies (since one day 5 individuals were counted and the next time 30, for 
instance). During the cold or breeding season on Puerto Baquerizo Moreno, sea lions 





season once breeding season is over; colonies get disaggregated from each beach in 
order to aggregate mostly on Playa de los Marinos. The mean presence of 
Galapagos sea lion (Zalophus wollebaeki) was dependent on the site, the season and 
the time of day in the four urban colonies, during the cold and the warm season and 
during the four different times of day, accepting the hypothesis of the study. 
 
6.2 The challenge for the Conservation Research 
     Over the last two decades the Galapagos Islands have displayed their natural 
uniqueness together with the challenging attempt to consider local inhabitants as 
fundamental actors developing environmental education, implementing environmental 
policies or participating on research projects. Therefore, this thesis is an invitation to 
local students to continue with the sea lion observations to obtain the mean presence 
on reproductive colonies and therefore to evaluate their ecological status to create a 
linkage with human impact and establish alternatives of conservation measurements. 
 
6.3 Recommendations 
     For further research it might be required to carry out observations for longer 
periods of months during each season and during more than a single year in order to 
compare data. Further conservation of the biodiversity and of the unique ecosystems 
in Galapagos will depend enormously on the local inhabitants, local and national 





sustainable social-economic practices and sustainable sciences adapted to the 
fragility of the archipelago. 
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8. Anexxed  
Tables A:  
a) Frequency and percentage of individuals observed per group, site, time of day 













































































































































































































Table 3. Frequency and percentage of no identified individuals observed per site and time of 









































































































































Table 5. Frequency and percentage of pups observed per site and time of day during the cold 
season 
 
b) Frequency and percentage of observed individuals per group, site, time of day 

















































































































































































































Table 8. Frequency and percentage of no identified observed per site and time of day during 









































































































































Table 10. Frequency and percentage of pups observed per site and time of day during the 
warm season 
 
Tables B:  
 




Group Real Mean 
A 5.5973 Juveniles 33.696203 
B 4.8546 No Identified 30.518987 
C 4.1943 Females 20.227848 
D 3.4944 Males 14.658228 
E 1.7772 Pups 4.835443 
             
Table 11. Tukey Range Test – Comparison of transformed mean for Group during the cold 
season for all the colonies 
Range Transformed 
Mean 
Site Real Mean 






       
 
 
Table 12.Tukey Range Test – Comparison of transformed mean for Site during the cold 












Table 13. Tukey Range Test – Comparison of transformed mean for Time of Day during the 















Table 14. Tukey Range Test – Comparison of transformed mean for Group during the warm 






Site Real Mean 
A 
 
5.9797 De los Marinos 32.9800000 
B 
 
2.5733 La Loberia 25.2400000 
B 
 
2.0897 Carola 14.0300000 
C 1.5112 Playa Mann 10.378947 
B 4.5529 De los Marinos 25.2400000 
C 3.3083 Playa Mann 14.0300000 
C 2.8266 La Loberia 10.378947 
Range Transformed 
Mean 
Time of Day Real Mean 
A 5.0378 20H00-21H00 32..884211 
B 4.1094 06H00-07H00 20.9300000 
C 3.5432 15H00-16H00 16.0300000 
C 3.2965 11H00-12H00 13.9100000 
Range Transformed 
Mean 
Time of Day Real Mean 
A 4.0046 Pups 17.1250000 
A 3.7880 Females 21.8125000 
B 2.8767 Males 15.4750000 
B        C 2.5206 Juveniles 10.5875000 







Table 15. Tukey Range Test – Comparison of transformed mean for Site during the warm 






Time of Day Real Mean 
A 
 
3.8134 20h00-21h00 24.6100000 
B 
 
3.1048 15h00-16h00 13.2800000 
B        C 
 
2.8103 06h00-07h00 13.3300000 
C 
 
2.4253 1100-12h00 9.03000000 
 
Table 16. Tukey Range Test – Comparison of transformed mean for Time of Day during the 






Pinnipeds in Galapagos 
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Figure 20. Females on Gardner Bay, Espanola Island 
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Habitat and Distribution 
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Figure 24. Pup standing in a busy day in Playa Mann, San Cristobal Island 
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Figure 31. Juvenile disturbed by an abandoned dog in Playa de los Marinos 
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                                                                                  Photo by: Alejandra Cox 
Figure 34. Local kid showing his T-shirt from the socio-environmental campaign 
“My Buddy Sea Lion”, San Cristobal Island 
  
 
 
